INTRODUCTION
This compilation is an inventory of all known outcrops of Neoproterozoic and Paleozoic strata in Sonora, Mexico. We have not attempted an interpretation of the regional stratigraphic or structural setting of the strata. Brief summaries of the stratigraphic setting of the Sonora rocks are given in Poole and Hayes (1971) , Rangin (1978) , others (1984, 1990) , and Poole and Madrid (1986; . More specific information on the setting of strata of specific ages are given by Stewart and others (2002) for the Neoproterozoic and Cambrian; by Poole and others (1995a) for Ordovician shelf strata; by Poole and others (1995b) for Ordovician deep-water openbasin strata; by Poole and others (1997 Poole and others ( , 1998 Poole and others ( , 2000a for Silurian strata; and by Poole and others (2000a) for Mississippian strata. Other reports that discuss regional aspects of Paleozoic stratigraphy include López-Ramos (1982) , Peiffer-Rangin, (1979 , Pérez-Ramos (1992) , and others (1997, 1999a ). Structurally, the major Paleozoic feature of Sonora is the Sonora allochthon, consisting of deep-water (eugeoclinal) strata emplaced in the Permian over shelf (miogeoclinal) deposits (Poole and others, 1995a,b; Poole and Perry, 1997; . The emplacement structure is generally considered to be a major Permian continental margin thrust fault that emplaced the deep-water rocks northward over shelf (miogeoclinal) deposits. An alternate interpretation has been presented by Stewart and others (2002) . He proposed that the emplacement of the Sonora allochthon was along a major Permian transpressional structure that was primarily a strike-slip fault with only a minor thrust component . The Mojave-Sonora megashear has been proposed to disrupt Neoproterozoic and Paleozoic trends in Sonora. This feature is a hypothetical, left-lateral, northwest-striking fault extending across northern Sonora and the southwestern United States (Silver and Anderson, 1974; Anderson and Schmidt, 1983) . It is proposed to have Jurassic displacements of about 700-800 km. Current opinion is mixed concerning whether the Mojave-Sonora megashear exists (see discussions and references in Stewart and others, 1990; 1999a) . The inventory presented here is the product of a search of the literature for described Neoproterozoic and Paleozoic localities and our examination of a large number of the outcrops in the field. The individual localities are described by reference letters and numbers, locality name, latitude and longitude, a brief text on the stratigraphy of the strata, and references. Figure 1 is an index showing the location of Sonora and the location of figure 2. The location of a few localites that are outside of figure 2 are also shown on figure 1. We also include a separate description of localities that have been erroneously reported, on the based of our field examinations, to contain Neoproterozoic and Paleozoic rocks. We include a brief description of problematic strata in southern Sonora that have been described as Paleozoic, but may be at least in part Mesozoic. Figures 3-11 show the distribution of Neoproterozoic, Cambrian, Ordovician, Silurian, Devonian, Mississippian, Pennsylvanian, and Permian strata in Sonora.
The reference letters indicate the specific 1° by 2° quadrangle, and the number indicates the specific site within that quadrangle. Not all numbers are used. The code for the 1° by 2° quadrangles is as follows: AP, Agua Prieta CB, Caborca CN, Cananea, H, Hermosillo (H12-8) IA, Isla Angel de la Guarda (H12-7) M, 1 0 2000). The Puerto Blanco Formation contains trilobites (McMenamin, 1983 (McMenamin, , 1987 McMenamin and others, 1994) , archeocyathids (Debrenne and others, 1989) , brachiopods (McMenamin, 1987; McMenamin and others, 1994) , and rare other fossils (McMenamin, 1992) , McMenamin and others, 1994) . Chemostratigraphic studies (Rowland and others, 1993) of the Sierra Rajón section support, in general, previous correlations (Stewart and others, 1984) of stratigraphic units from Sierra Rajón to the western United States. Sierra Rajón has also been the site of paleomagnetic studies on basaltic rocks in the Puerto Blanco Formation (Barr and Kirschvink, 1983) CN-6, Sierra La Víbora (also called Cerro Pitiquito, includes Cerros Caborca of Weber and others, 1979): lat 30°32'N. to lat 30°40'N., long 111°57'W. to long 112°03'W. DeJong and others (1988) mapped extensive outcrops of Neoproterozoic and Lower Cambrian strata (El Arpa Formation, Caborca Formation, Clemente Formation, Pitiquito Formation, Gamuza Formation, Papalote Formation, Tecolote Quartzite, La Ciénega Formation, and Puerto Blanco Formation). Other references: Longoria and Perez (1978) and Mendoza (1981) . Cloudiniids (small shelly fossils have been described from the La Ciénega Formation by McMenamin (1985; ; and large stromatolites (Conophyton, Jacutophyton, and Platella) by Weber and others (1979) and Weber and Cevallos-Ferríz (1980) .
CN-7, Cerro
Clemente-Cerro Llano Verde: lat 30°15'N. to lat 30°21'N., long 111°52'W. to long 112°02'W. Stratigraphic succession (Westerfield, 1988) Stromatolites are present in the Gamuza Formation (Cevallos-Ferríz and others, 1981; Westerfield, 1988) . Cloudiniids (small shelly fossils) are present in the La Ciénega Formation (McMenamin, 1985; . Archeocyathids and trace fossils are present in the Puerto Blanco Formation (Westerfield, 1988; Debrenne and others, 1989) . Trilobite fragments and other fossil debris are present in the Buelna Formation (Westerfield, 1988) .
CN-8, Cananea: lat 30°58'45"N. to lat 31°01'15"N., long 110°20'10"W. to long 110°23'50"W. Emmons (1910 ), Mitchell (1928 , Valentine (1936) , Mulchay and Velasco (1954) , Velasco (1966) , Anderson and Silver (1977) , Einaudi (1982) , Meinert (1980 Meinert ( , 1982 , and Bushnell (1988) . The oldest Paleozoic unit is the Capote Quartzite of Valentine (1936) which is at least 140 m thick (Mulchay and Velasco, 1954) , and rests unconformably on 1,440 ± 15 Ma granitic rocks (Anderson and Silver, 1977; Einaudi, 1982) . The Capote Quartzite is correlated with the Bolsa Quartzite of Arizona (Mulchay and Velasco, 1954) and is apparently conformably overlain by the Esperanza Limestone of Mulchay and Velasco (1954) . The Esperanza Limestone is about 90 m thick and consists of highly altered and mineralized thin-bedded limestone. It is correlated with the Cambrian Abrigo Limestone of Arizona by Mulchay and Velasco (1954) . Above the Esperanza Limestone is a unit termed the "Crystalline Limestone" or "Crystalline formation" by Mulchay and Velasco (1954) (Repetski and others, 1985; Stewart and others, 1990; Poole and others, 1995a) consist of carbonate rock and minor amounts of siltstone and quartzite. They are about 1,700 m thick and contain Early, Middle, and Upper Ordovician trilobites and conodonts (Stewart and others, 1990; Poole and others 1995a) . The lowermost part of the unit mapped as Ordovician by Stewart and others, 1990) contains Cambrian conodonts (John Repetski, 2000,written comm.) . Other references: Avila-Angulo (1987) and Amaya-Martínez and Calmus (1985) .
H-2, Rancho Placeritos: centered on lat. and long: 29° 20.6' N., 111° 16.9' W. Locality is 1.5-2 km north and northeast of Rancho Placeritos, in southernmost Sierra López, about 40 km northwest of Hermosillo, Sonora, in El Batamote (H12C349) 1:50,000-scale quadrangle. The Rancho Placeritos area was originally described by Avila-Angulo (1987) . others (1997, 1998; 2000 a, b) describe the area in detail and have recognized Upper Ordovician, Silurian, Devonian, and Mississippian shelf rocks overlain unconformably by Lower Jurassic strata. The section of Paleozoic rocks is one of the better exposures of these rocks in west-central Sonora.
H-3, Sierra la Flojera: lat. and long.: At or near lat 29° 00' N., long 110° 53' W. Lower Permian shallow-water shelfal limestone and Lower Permian deep-water turbiditic siltstone, silty limestone, detrital limestone, and conglomerate (Stewart and others, 1990) . The two dissimilar sequences are separated by a covered area. Based on relations in Sierra Santa Teresa (Stewart and others, 1997) , 8 km to the east, the deep-water sequence may be in depositional contact above the shallow-water sequence and represent a deep-water basin or trough developed within the shallowwater shelf. Permian fusulinids occur in both sequences. A small outcrop of Upper Triassic rocks is present in the northern part of the area (Roldán-Quintana and González- León, 1985; Stewart and others, 1990; Lucas and and González-León, 1994 (Stewart and others, 2002) . The locality and stratigraphy was first described by MaytorenaSilva and Esparza-Yañez (1990) and Morales-Montaño and Cota-Reyna (1990 (Stewart and others, 2002) . U-Pb ages on detrital zircons were determined from a sample collected from the El Aguila Group at this locality (Gross and others, 2000; Stewart and others, 2001 (Stewart and others, 2002) . These formations total at least 2,000 m and consist mostly of quartzite in the El Tápiro Formation, of reddish-brown arkosic sandstone and minor siltstone in the El Alamo Formation, and of quartzite, stromatolitic dolomite, and siltstone in the Año Nuevo Formation. U-Pb ages on detrital zircons were determined from a sample of the El Alamo Formation at this locality (Gross and others, 2000; Stewart and others, 2001 ).
H-14, Rancho las Norias-Rancho El Albañil: Center on lat. 29° 59'N., long. 110°3 8'W. in 1;50,000-scale quadrangle H12D42. Paleozoic rocks in area were mapped by Vega-Granillo and Araux-Sánchez (1987,1988) , Radelli and others (1987) , and Peiffer- Rangin, (1988 (Poole and others, 1995a; Page and others, 2000) . New mapping and stratigraphic studies by W.R. Page and others (unpub. data, 2001 ) have reinterpreted the stratigraphy and structure. Puerto el Oregano area, 3 km east of Las Norias, at lat 29° 03.7'N., long 110° 35.9'W.
contains Mississippian limestone (Peiffer-Rangin, 1988 (VegaGranillo, 1996) contains conodonts of the middle Kinderhookian (Early Mississippian), Siphonodella sandbergi Zone or younger (C. A. Sandberg, 1995, oral commun.) . An Early Mississippian age for limestone at this locality is also indicated by Peiffer-Rangin (1988) .
H-22, Rancho Curiel: lat 29° 54'N. to lat 29°54.5'N., long 111°37.7' W. to long. 111°38.5'W.,in 1:50,000-scale quadrangle H12C18. The Neoproterozoic rocks in the Rancho Curiel area were originally mapped and described by Pérez-Soto (1991) and Vega-Granillo and others (1991, 1993) . A more detailed study by Stewart and others (2002) divided the section into 4 units, which are, in ascending order: unit 1, quarzite and conglomerate, unit 2, dolomite and minor quartzite, unit 3, quartzite and conglomerate, and unit 4 dolomite and quartzite and minor silty limestone. Unit 3 and the lowermost part of unit 4 are correlated with part of the Clemente Formation of the Caborca area (Stewart and others, 2002) . Detrital zircons from Neoproterozoic quartzite in the Rancho Curiel area are described by Stewart and others (2001) .
H-23, Rancho El Pocito (also Rancho La Pirinola): lat 29°57.9' N. to lat 29°57.5'N, long 111° 35.6'W. to 36° 00'W. In Feliz Gomez 1:50,000-scale quadrangle. Neoproterozoic dolomite and quartzite in complex structural setting (Pérez-Soto,1991; Vega-Granillo and others, 1991) . Strata shown as resting nonconformably on crystalline basement rocks. Strata considered to correlate with the El Arpa and Caborca Formations of the Caborca area by Vega-Granillo and others (1991) .
H-24, La Monarca: lat 29°54.5'N. to 29°56'N, long 111°31.0'W to long 111°33.0'W, in Feliz Gomez 1:50,000-scale quadrangle. Well exposed and little faulted succession of Neoproterozoic dolomite and quartzite (Pérez-Soto, l991; VegaGranillo and others, 1991; 1993) . We were unable to obtain premission to visit this locality, but from low level aerial observation, the section appears to be a key stratigraphic locality that contains two major resistant quartzitic units in a dominantly dolomite succession. Stewart and others (2002) to the Las Víboras Group that is at least in part the El Alamo Formation.
H-25, Bellavista (Cerro El

H-26, Los Chirriones area (includes Cerro La
H-35, El
Resbaladero: lat 29°55.5'N. to lat 29°56.5'N., long 110°39' W. to long 110°4 0'W. Figueroa-Valenzuela and Grijalva-Haro (1989) . Neoproterozoic strata assigned by Stewart and others (2002) to the Las Víboras Group that is at least in part El Tápiro Formation.
H-36, El Carrizo: centered on lat 29°59'N., long 110°31'W. Figueroa-Valenzuela and Grijalva-Haro (1989) . Assigned by Stewart and others (2002) to the Las Víboras Group, probably the El Tápiro Formation.
H-37, El
Chichiquelite: centered at lat 29°59.5'N., long 110°29.5'W. FigueroaValenzuela and Grijalva-Haro (1989) report that the basal 3 m of the stratigraphic succession is polymictic conglomerate with clasts of gneiss, granite, sandstone, and quartzite from 4 to 6 cm in size. The conglomerate is overlain by rose-colored, laminated and cross-stratified orthoquartzite. Figueroa-Valenzuela and Grijalva-Hara (1989) show these rocks as in depositional contact with Precambrian crystalline rocks, but Stewart and others (2002) observed an apparent low-angle fault contact between quartzite and the Precambrian crystalline basement. 1996-1997, written commun.) , confirm the Ordovician, Silurian, and Devonian age of the rocks measured. Also see Poole and others (1997; . IA-1, Punta La Ona, also called Punta Unah): Lat. 29° 03.0'N., Long.112 ° 9.8'W.
About 2.5 km south southwest of Punta La Ona, about 3 km north northeast of Punta Chueca 1:50,000 scale map. Mapped as "Ms" (Mesozoic(?) sedimentary rocks) by Gastil and others, (1974) ; apparently same locality as mentioned by Gastil and Krummenacher (1977) and Gastil and Miller (1981; . Stewart examined the area in 1993 and found the rocks to consist of metachert, metasiltstone, and calcsilicate hornfels. Perhaps some rocks are quartzite, because grain size is at least medium in places, but most of rock appears to be metachert, not quartzite. Stewart considers the rocks to be deep-water Paleozoic strata. Gastil and Miller (1984) 1 8 correlate, with uncertainty, the rocks at Punta La Ona with deep water chert-rich rocks at Puerto Calamajue on the west side of the Gulf of California. The rocks at Puerto Calmujue are at least partly Late Mississippian in age (Griffith and Hobbs, 1993 Gastil and Miller (1984) and by Stewart (field examination, 1993) . Relations of localities IA-1 and IA-3 are uncertain. Gastil and Miller (1984) and Stewart consider locality IA-1 to be Paleozoic eugeoclinal strata whereas Poole and Amaya-Martínez considers locality IA-3 to be most likely Mesozoic. The rocks at the two localities could be part of the same sedimentary package, which could be composed entirely of either Paleozoic eugeoclinal strata, or of Mesozoic strata. Alternately, the two localities could be composed of different age rocks, locality 1A-1 could be Paleozoic and locality 1A-2 could be Mesozoic.
IA-4, northwest Tiburón Island: centered on lat 29°15'N., long112°13W. Gastil and Krummenacher (1977) report chert associated with carbonate rock and a variety of clastic rocks in northwestern Tiburón Island. Gastil and Miller (1984) correlate these rocks with uncertainty with deep-water strata at Puerto Calamujue on the west side the Gulf of California. The Puerto Calamuje strata are at least partly Late Mississippian in age. We did not examine this locality.
IS-1, northern part of Turner Island: lat 28°43.7'N., long 112°17.7'W., 1:50,000-scale quadrangle map H12-10. Northern part of island contains succession of metaargillite, chert, siliceous argillite, siltite, and minor limestone and dolostone (Poole and others, 1993a, b) . The succession in the southern part of the island is similar although it contains several major carbonate units. Poorly preserved graptolites in the northern part of the island are late Middle-early Late Ordovician. Poole and others (1993) correlate the graptolite-bearing argillite and associated chert with the El Yaqui Chert in the Barita de Sonora area, 100 km east of Hermosillo (Poole and others,1993a,b; 1995b) .
IS-2, Cerro
Tordillo and prominent hill about 1 km northwest of Cerro Tordillo: centered at lat 28°58'15", long 112°03'10"W. Mapped as "Mc" (Meozoic(?) carbonate-rich rocks) by Gastil and others (1974 (Stewart and others, 1984 (Stewart and others, , 1988 (Stewart and others, , 1999a others, 1984, 1995a; Repetski and others, 1985) . The area was first recognized by Françoise Peiffer-Rangin in the 1970's (Peiffer -Rangin, 1988) . The area also has been described by Minjarez-Sosa and others (1993) and Ochoa-Granillo and Sosa-León (1993) who report Permian strarta in the area as well. Gehrels and Stewart (1998) and Stewart and others (2001) M-7, Sierra Chiltepín and Cerro El Carrizo area: lat 28°57'N. to lat 29°06'N., long 109° 15.9'W. to long 109°22'N., in 1:50,000-scale maps H12D45, H12D46, and H12D55, and H12D56. The area has been mapped and described by Flinn (1977) , Himanga (1977) , Almazán-Vázquez (1989) , Fernández-Aquirre and Almazán-Vázquez (1991), Fernández-Aguirre and others (1995), Pubellier and others (1995) , and Stewart and others (2002) . The stratigraphic succession, named the Cerro Las Bolas Group by Stewart and others (2002) is 2,600 m thick and divided into four formations (Mina el Mezquite, Monteso, Sierra Chiltepín, and Macho Formations) composed of shallow-water dolomite, quartzite, siltstone, limy siltstone, and sparse conglomerate. A Sturtian-age (ca 700 Ma) glacial diamictite and cap carbonate (Corsetti and others, 2001 ) is present at the faulted base of the group. U-Pb ages of 2 0 detrital zircons were determined from samples collected from the Sahuaripa Member of the Monteso Formation and from the Sierra Chiltepín Formation at this locality (Stewart and others, 2001 Radelli and others(1987) called allochthonous at Sierra El Carrizo are highly folded, but are mostly thin-bedded meta-limestone and limy siltstone that are considered by Stewart to be miogeoclinal, rather than eugeoclinal. They don't appear to be a chert-argillite sequence similar to that in eugeoclinal strata in Sonora. The folded thin-bedded meta-limestone and limy siltstone sequence could be Ordovician because it contains some limestone-clast conglomerate beds similar to that in Ordovician rocks at Sierra Martínez, Rancho Las Norias, and Sierra López; however, the sequence contains lesser amounts of massive limestone than those localities. Strata below the sequence could be partly Cambrian in age.
M-10, Rancho La Tinaja area:
Referenced as "Cerro de la Tinaja" by Peiffer Rangin (1988) and Cerro Tinaja by Menicucci (1982) . Rancho La Tinaja is at lat 29°00'15"N., long 109°50'20"W., in 1:50,000-scale map H12D44. North of Llano Colorado village. Exact location uncertain, but probably east of Rancho La Tinaja in Sierra el Máviro, according to Poole. Menicucci and others (1982) 
ME-1, Ejido Serdan, alternately called El Capitan):
Locality is shown on Figure 1 , lat 32°18'N., long 112°50'W. This locality is about 50 km south of Yuma (USA), about 40 km east southeast of San Luis in Mexico, and about 6 km south of the USMexican border. The succession is highly metamorphosed equivalents of the Permian Supai Group, Coconino Sandstone, Kaibab Limestone, and Mesozoic strata (Leveille, 1984; Fitts,1989) . These are cratonal cover strata that are elsewhere exposed at scattered localities in western Arizona and in extensive outcrops in northern Arizona. The Ejido Serdan locality is important because it lies south of the position of the hypothetical Mojave-Sonora megashear as drawn by Silver and Anderson (1974) ) and Anderson and Schmidt (1983 ), yet appears to contain a continuation of strata from north of the megashear in southwestern Arizona and southern California. This relation has been used as a argument against the existance of the megashear (Hamilton, 1987) . Alternately, if the megashear does exist,its trace must be south of Ejido Serdan, or the Ejido Serdan rocks have overriden the megashear in an allochthonous plate from an original position to the north of the proposed fault (see discussions and references in others, 1990, 1999a) NG-1, Sierra El Tule: (same as Sierra de la Huachuca locality of Aponte-Barrera, 1974 and López-Ramos, 1982), lat 31°16'50" N. to lat 31°19'00"N., and long 110°15'50"W. to long 110°20'00"W. González-León (1982 and Cevallos-Ferríz and González-León (1984) (Blodgett and others, 1998) , consistent with its age in southern Arizona (Gilluly and others, 1954; Wrucke and Armstrong, 1987) . No fossils have been recovered from the Epitaph and Scherrer at the La Cueva locality, but these units are assumed to be Leonardian based on correlation with units in southern Arizona. The Colina and Epitaph are carbonate units deposited on a shallow-marine platform. The Scherrer consists of thin-bedded fine-grained sandstone, siltstone, and lime mudstone that reflect input of siliciclastic detritus onto the platform in late Leonardian time (Blakey and Knepp, 1989) .
NZ-1, Sierra Los Ajos: lat 30°47'00'N. to lat 31°00'30"N., long 109°47'30"W. to long. 110°02'50"W. Large mountain range composed mostly of Paleozoic rocks. Described by Bridges (1970) , Aponte-Barrera (1974), and López-Ramos (1982) . Aponte-Barrera (1974) Probably 50 to 100 m of laminated, cross-stratified, and bioturbated quartzite (Bolsa Quartzite) resting unconformably on Precambrian porphyritic granite. Quartzite locally contains U-shaped trace fossils, probably Monocraterion, overlain by poorly exposed and structurally distorted thin-bedded limestone, probably the Abrigo Formation, and this, in turn, is overlain by altered carbonate rocks that may include the Devonian Martin Formation and, at the top, the Mississippian Escabrosa Limestone (R. Blodgett, oral commun., 1993) . Limestone in the position of the Abrigo and Martin Formations are injected by numerous mafic (diabasic?) dikes and sills 10 to 20 m wide. Early Mississippian conodonts were collected by Poole and W.R. Page and identified by A.G. Harris from the Escabrosa at this locality (1997, unpubl. data) . U-Pb ages on detrital zircons were determined from a sample collected from the Bolsa Quartzite at this locality (Kurtz and others, 1998; Grose and others, 2000; Stewart and others, 2001 ).
NZ-2A, Cañon de Santa Rosa (also called El Tigre area):
lat 30°34'N. to lat 30°37'N., long 109°06'W. to long 109°10'W. Located "a few miles southeast of El Tigre" by Imlay (1939) , and as "5 miles southeast of El Tigre" by Dunbar (1939) . Locality described by Imlay (1939) , Dunbar (1939) , Montaño (1986) , Devery (1979) , and Holcomb (1979) . Imlay (1939) (Dunbar, 1939) . Member 1, 1,155 ft, (352 m) thick, thick-bedded limestone with chert nodules; fusulinids common, but not preserved well enough for identification. If Pennsylvanian strata are present, they must occur in lower part of unit 3. Holcomb (1979) and Devery (1979) restudied Cañon de Santa Rosa. They recognized the same 5 members as Imlay (1939) and applied the name El Tigre Formation to the entire 5 members following the nomenclature of Alvarez (1949) . They dated the rocks on the basis of conodonts. According to Holcomb (1979) and Devery (1979) (also see Poole and others, 1995a) Dunbar (1939) , and "along Cañon de Noche Triste which drains westward from the Sierra de Teras about half a mile north of the mining village" by Imlay (1939 (Dunbar, 1939) .
NZ-4, Sierra Huchita Hueca area: lat 30°35'N. to lat 30°37'30"N., long 108°55'W. to long 108°52'W. Latitude and longitude drawn from outcrop pattern on maps of INEGI, but these outcrops are mostly on southwest side of Sierra Huchita Hueca whereas Imlay (1939) and Dunbar (1939) indicate that outcrops also cap the next highest peak in the range. Imlay (1939) reports limestone ranging from a few hundred to about 1,000 ft (305 m) thick along the southern and southwest side of Sierra Huchita Hueca. Fusulinids from the highest knob at the south end of Sierra Huchita Hueca (about 11 km northeast of Bavispe) may be Pennsylvanian in age, and stratigraphically higher fusulinids are Leonardian in age (Dunbar, 1939) . 
NZ-6, Cerros las Mesteñas (La
PP-1, Estación Sahuaro:
Locality is shown on Figure 1 , lat 31°10'N., long 112°50'W., partly on the Estación Sahuaro 1:50,000-scale topographic map. Calmus (1993) describes metamorphosed Paleozoic sedimentary strata on "two hills straight north of Estación Sahuaro." The rocks consists of limestone, marble, dolomite, and quartzite. Corals of probable early Paleozoic age from the succession were examined by H.W. Flügel (1991 , written commun., in Calmus (1993 . Several areas of Proterozoic sedimentary rocks are shown in nearby areas on the CESUES (Centro de Estudios Superiores del Estado de Sonora) 1:500,000-scale Sonora geologic map (Fernández-Aguirre and others, 1993).
SL-1, La Colorada: centered on lat. 28°47.2'N., and long. 110°34.5'W., in 1:50,000-scale quadrangle map H12D52. Quartzite, argillite, and chert. Bartolini and others (1995) report 5 species of graptolites of late Middle and Late Ordovician age (Caradocian and Ashgillian). Poole and Stewart (in Poole and others, 1995b) collected Middle Ordovician graptolites from argillite associated with quartzite east of Rancho La Minita.
SL-2,
Various names have been used in this area and several different sublocalities are included here. Includes Zubiate locality (number 12 of Meniccuci and others, 1982) , which is apparently the same as El Subiate and C. Subiate on La Calorada 1:50,000-scale quadrangle map H12D52, and Cerro Valuarte locality of Menicucci and others (1982) and Peiffer-Rangin (1988) that is about 2 km east of Rancho La Garita. Locality also includes C. San Francisco. Locality SL-2 is centered on lat 28°5 6.5'N., long 110 35'W. Area covers several square kilometers. Menicucci and others (1982, p. 4) describe the Zubiate locality (their loc. no. 12) as sandy limestone that grades into calcareous sandstone and quartzite. They indicate that Flores (1929a) was able to fine "some Permian crinoid stems" in the limestone. At Cerro Valuarte (not labeled on map), 2 km east of Rancho La Garita, Menicucci and others (1982, fig. 7) show 400 m of "Leonardian limestone" overlain by 500 m of "Upper Permian and Triassic sandstone and quartzite." The relative positions of the Zubiate and Cerro Valuarte localities are not described. We infer that the Cerro Zubiate locality is about 1 km north and the Cerro Valuarte locality is about 2 km east of Rancho La Garita. Peiffer- Rangin (1988) indicates Leonardian fossils at Cerro Valuarte. Stewart (field work, 1982 ) collected fusulinids about 1 km northwest of Cerro San Francisco (lat 28°57.2'N., long 110°33.5'W.). Three samples at Cerro San Francisco contain the following fusulinids: Sample 1, staffellid, Schwagerina sp., Monodiexodina sp., Tetrataxis sp; late Wolfcampian (Early Permian). Sample 2, Schwagerina spp., Parafusulina? sp., early form; latest Wolfcampian or early Leonardian (Early Permian. Sample 3, Schwagerina sp. advanced form; late Wolfcampian (Early Permian). These fusulinids were identified by R.C. Douglass (1983, written commun.) An indeterminate horn coral (W.J. Sando, 1982, written commun.) was also found at Cerro San Francisco. Allochthonous Ordovician eugeoclinal strata are shown by Radelli and others (1987, plate 1) on the southern slope of Cerro San Francisco.
SL-3A, Cerro Cobachi area (shallow-water assemblage), centered on lat. 28°5 0'N., long. 110° 10'W., in 1:50,000 quadrangle H12D53. Area described by Noll (1981) , Noll and others (1984) , Ketner and Noll (1987) , and Peiffer- Rangin (1988) . Area contains two structurally juxtaposed assemblages (Ketner and Noll (1987) , a carbonate-quartzite, shallow-water assemblage (shown here as locality SL-3A) , and a siliceous, deep-water asssemblage (shown here as locality SL-3B). The shallowwater assemblage includes Ordovician, Silurian(?), Devonian, Mississippian, Pennsylvanian, and Permian strata (Ketner and Noll, 1987; Pérez-Ramos, 1992; Poole and others, 1995a .
SL-3B, Cerro
Cobachi area (deep-water assemblage), centered on lat. 28° 50'N., long. 110° 10'W.,in 1:50,000 quadrangle H12D53. Area described by Noll (1981) , Ketner (1983) , Noll and others, 1984) , Ketner and Noll (1987) , Peiffer-Rangin (1988) , Riva and Ketner (1989) , and Poole and others (1995b) . The deep-water (eugeoclinal) strata includes Ordovician, Silurian(?), Devonian, Mississippian, Pennsylvanian, and Permian strata (Pregger, 1981 , Ketner,1983 , Ketner and Noll, 1987 Riva and Ketner, 1989, Poole and others, 1995b) . Unpublished studies by Poole in the Cerro Cobachi area in 1982 indicate that strata in the Cerro Cobachi area are a continuation of the well-established succession in the Barita de Sonora area (locality T-1), 20 km to the northeast. The individual units recognized in the Barita de Sonora area can also be recognized in the Cerro Cobachi area.
SL-4, Sierra Santa Teresa: centered on lat. 29°58'N, long 110°47'W. Area has been studied by Flores (1929a, b) , Rodríguez-Castañeda (1981) , Peiffer-Rangin (1988) , Pérez-Ramos (1992) , and Stewart and other (1997) . Stewart and others (1997) describe over 1,600 m of largely shallow-water carbonate strata of Late Mississippian to Middle Pennsylvanian, and Early Permian age, and apparently unconformably overlying deep-water siliciclastic strata of Early or Middle Permian age (Stewart and others, 1997) . U-Pb ages on detrital zircons were determined on a sample of Early or Middle Permian deep-water siliciclastic quartzite at this locality Bartolini and others (1995) describe Ordovician chert, siltstone, and quartz arenite containing shale layers at the Cerros El Aguaje locality. Graptolites of Whiterockian to Cincinnatian age are present. Also see Poole and others (1995b) .
SL-6, Cerros La Herradura, about 4 km west of San José de Pimas: uncertain location at lat. 28°42.8'N, long. 110° 23'W., in 1:50,000-scale quadrangle H12D62 Bartolini and others (1995) reports very preserved graptolites in black shale associated with quartz arenite. The graptolites indicate a Middle to Late Ordovician age.
SL-7, Sierra de Moradillas: centered about lat. 28° 36'N., long. 110° 30'W., in 1:50,000-scale quadrangle map H12D52. Bartolini and others (1990, 1995) reports metamorphosed Paleozoic quartzarenite, shale, dolomite, and limestone (Abadie, 1981) . Apparently the same locality described by Vassallo (1985) who reports clayey dolomite intercalated with horizons of chert. Vassallo mentions possible Ordovician graptolites at this locality.
T-1, Barita de Sonora: several square km of outcrop included under this heading, centered about lat. 28° 55'N., long. 109° 58'W. Sierra Martínez which is near Barita de Sonora is under separate heading (T-2). In 1:50,000-scale quadrangle map H12D54. The Barita de Sonora area contains widespread outcrops of preorogenic ocean-basin Ordovician, Upper Devonian, and Lower Mississippian strata, and synorogenic Upper Mississippian, Pennsylvanian, and Lower Permian strata (Poole and others, 1988; Poole and others, 1983 Poole and others, , 1988 Poole and others, , 1990 Poole and others, , 1991 Poole and others, , 1995b Poole and Madrid, 1988a) ; Poole and Dutro (1988) ; Madrid and others (1988; ; Murchey (1990) , Stewart and others, 1990 . The presence of Ordovician graptolite-bearing strata in the Barita de Sonora area was first recognized by Peiffer- Rangin and others (1979) and Peiffer- Rangin and others (1980) . Poole and others (in progress) are preparing a detailed geologic map of the Barita de Sonora area.
T-2, Sierra Martínez: centered at lat 28° 57.2'N., long 109° 53.8'W. In 1;50,000-scale quadrangle map H12D54). Menicucci and others (1982) orginally described the Sierra Martínez strata as all Permian. Later work by Poole, R. J. Ross, Jr., and J.E. Repetski (in Poole and others, 1995a) indicates that the carbonate rock in the lower part of the succession is Ordovician in age (based on age diagnostic trilobites, conodonts, and the gastropod Maclurites). The overlying quartzite is Middle Ordovician and the limestones above the quartzite are Devonian and Mississippian in age based on invertebrate and conodont faunas. A major unconformity separates the Ordovician quartzite from the Devonian and Mississippian limestone (Poole and others, 1995a) . A major high-angle fault separates Mississippian and Permian limestones in a stratigraphic section measured by W.R. Page (unpubl. data, 1996-1997) . Fusulinids were used to date the Permian limestone.
T-3, Sierra La Ciénega: centered on about lat 28°50.4'N., long 109°50.5'W., in 1:50,000-scale quadrangle map H12D54. Poole examined metamorphosed Ordovician ocean-basin rocks in Sierra La Ciénega with Manuel de Moises González-Carlos in 1995. The metamorphosed rocks consist of intercalated very thin beds of dark-gray laminated micaceous siltite and argillite, thin beds of gray quartzite, and 2 6 subordinate thin beds of medium-gray limestone. On the basis of lithology, Poole correlates these strata with Ordovician ocean-basin strata in Sierra El Aliso 25 km to the southeast (locality T-12).
T-4, Mina México area. Includes Sierra los Pinitos described by Peiffer-Rangin (1988) , northern Sierra El Encinals described by Schmidt (1978) , and Cerro La Zacatera area described by Hewett (1978) . See also Radelli and others (1987) . Area covers 7 by 10 km area centered on about lat 28° 51'N., long 109° 24'W.. Area contains two major successions. A lower succession about 1,000 m thick (called the El Tigre Formation by Schmidt, 1978, and Hewett , 1978) consists of limestone and minor dolomite and sandstone, and an upper succession, called the Mina México Formation by Schmidt (1978) and Hewett (1978) . The Mina México Formation is estimated to be 1,000 m or more thick, and consists of yellow-brown to light-gray turbiditic siltstone and very fine-grained sandstone in graded beds from 1 to 150 cm thick. The strata contain Bouma sequences B,C,and E. A few calcareous siltstone layers are present. Nereites trace fossils (probably Lophoctenium) are abundant. The lower succession contains abundant fusulinids, pelmatozoan detritus, brachiopods, gastropods, bryozoans, and ostracods. Fusulinids were mostly identified to the genus level and in the age range of early Leonardian to late Wolfcampian (R.C. Douglass and F. Peiffer-Rangin in Schmidt, 1978) . Douglass identified one fusulinid as "approximately Leonardian" in age. A collection containing Parafusulina sp. Early Permian, Leonardian) identified by C.H. Stevens and reported by Vega-Granillo and Araux-Sánchez (1985) is poorly located. The formation that contains this fusulinid is reported to be below the Mina México Formation and possibly is in the same area described by Schmidt (1978) and Hewett (1978) . It is reported to be southeast of the village of El Novillo. The stratigraphic and structural relations of the two successions (El Tigre below and Mina México above) is particularly important. Schmidt (1978) and Hewett (1978) considered the contact between these two successions to be conformable and cited the consistent position in the area of the contact above a layer 1 m below the top of the El Tigre Formation that contains pelmatozoan detritus and black calcite nodules. Stewart and others (1990) and Stewart (2002) also considered the contact conformable and relate the stratigraphy to a similar change from shallow-water shelf deposits to deep-water turbiditic that occurs in Sierra Santa Teresa (locality H-43) described by Stewart and others (1997 Poole and others (1995a) , and Bartolini and others (1995) .
T-25, Ebenezer mine, 30 km southwest of Arivechi: near Cerro el de Pie, lat 28°51'10"N., long 109°18'16"W. Pérez Ramos (1992) reports 170 m of reddishbrown sandy limestone, interbedded thin-to thick-bedded red sandstone and sandy siltstone, and massive limestone. Fusulinids, pelmatozoan detritus, bryozoans, corals, and mollusks are present. The fusulinids indicate an early Leonardian-late Wolfcampian age (Pérez-Ramos,1992) . A Middle Pennsylvanian (Atokan) fusulinid is present in the middle of the section according to Pérez-Ramos (1992) . She indicates that this fusulinid may be in a displaced block in fault contact with the Permian section, or may represent reworking of older rocks into the Permian section.
T-26, Cerro Bola Colorado locality of Bartolini and others (1990):
Reported by Bartolini and others (1990) as 5 km east of Rebeico (H12D54 quadrangle); apparently same as Cerro La Bolla locality shown on 1:50,000-scale quadrangle map, lat 28°5 3.5'N., long 109° 42.4'W. Bartolini and others (1990) indicate Lower Permian (Wolfcampian) limestone turbidites at this locality, based on dating by C.H. Stevens.
T-27, locality described by Bartolini and others (1990) as along the Rebeiquito-El
Novillo road: close to locality T-28 but described by Bartolini and others (1990) Bartolini and others (1990) . Bartolini and others (1995, 
